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Upon completion of the study to determine the effect of the temperature 
difference between FTC (75 °F, 60% R.H.) and ISO (71.6 °F, 60% R.H.) 
conditions on as is firmness, it was recommended that the same analyses be 
performed on equilibrated cigarettes. The results of these studies are 
attached. 

For both the as is and equilibrated firmness studies, the analyses 
performed under the ISO conditions resulted in significantly lower firmness 
indexes than those performed under the FTC conditions. Also, when as is 
firmness was performed, the oven volatiles were consistently lower for those 
tested under the ISO conditions, though not all the OV differences were 
significant. When equilibrated firmness was performed, the analyses 
performed under the ISO conditions resulted in higher OVs than those 
performed under the FTC conditions. This is a result of two factors. 

At 71.6 °F and 60% relative humidity (ISO conditions), the absolute 
humidity (pounds of water per pound of dry air) is lower than at 75 °F and 
60% relative humidity (FTC conditions). Thus, less water is absorbed by the 
tobacco from the atmosphere when the cigarettes are equilibrated at ISO 
conditions. This effect is similar to past results seen when testing 
cigarettes at one temperature and two different relative humidity levels. 
Those tested at the lower relative humidity level, and thus, lower absolute 
humidity, have lower OVs and, as a result, are more firm. This explains the 
lower firmness indexes seen at the lower temperature. 

At the same time, at the lower temperature (ISO), the temperature at 
the tobacco surface is lower, and thus less humectants and flavors are 
driven Off than would be seen at the higher temperature (FTC), Therefore, 
the higher oven volatiles seen at the ISO temperature is a result of two 
counteractive factors: first, the amount of water transferred to the 
tobacco (lower at ISO conditions), and second, the levels of other volatiles 
retained in the tobacco (higher under ISO conditions). The net result of 
these two factors is a higher OV for the cigarettes equilibrated under ISO 
conditions. This could possibly be attributed to a slowed rate of humectant 
and flavor transfer to the atmosphere at ISO conditions. 
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Experimental Results 


Three Philip Morris brands, Marlboro KS, Merit Ultra Lights KS, and 
Cambridge KS were used for both studies. An additional brand. Merit KS, was 
tested for the equilibrated study. Three firmness tests were performed at 
each condition (a total of 15 replicates per brand) with three oven 
volatiles analyses per test (a total of 9 OVs per brand). The samples were 
stored in ambient conditions prior to testing. 

For both the as is and equilibrated firmness studies, the analyses 
performed under the ISO conditions resulted in significantly lower firmness 
indexes than those performed under the FTC conditions. As is firmness 
ranged from 0.10 to 0.22 mm lower under the ISO conditions. Equilibrated 
firmness ranged from 0.08 to 0.26 mm lower under the ISO conditions. Figure 
I is a graph of ISO firmness versus FTC firmness for both studies. Linear 
regression of the data resulted in the following equations: 

As Is Firmness: rSO = 1.01*(FTC) - 0.224 
Equilibrated Firmness: ISO = 1.04*(FTC) - 0.315 

The best fit lines for both cases are nearly colinear. That is, the 
effect of FTC and ISO conditions on cigarette firmness is approximately the 
same whether the samples are tested directly from the pack or after 48 
hours' equilibration. 

The same is not true for the oven volatiles of the firmness samples. 
When as is firmness was performed, the oven volatiles were consistently 
lower for those tested under the ISO conditions though not all the OV 
differences were significant. The OVs ranged from 0.05 to 0.20% lower under 
the ISO conditions. 

As expected, the effect of the 3.4 °F temperature difference between 
ISO and FTC conditions is more dramatic for cigarettes that have been 
equilibrated for 48 hours. As discussed earlier, the analyses performed 
under the ISO conditions resulted in OVs which ranged from 0.28 to 0.45% 
higher than those obtained under the FTC conditions. Figure II is a graph of 
ISO firmness oven volatiles versus FTC firmness oven volatiles for both the 
as is and equilibrated studies. Linear regression of the data resulted in 
the following equations: 

As is OV: ISO = 0.915* (FTC) + 0.943 
Equilibrated OV: ISO = 1.129*(FTC) - 1.345 
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The best fit lines show a very different relationship between the 
conditions. The slopes of the two lines are significantly different and the 
intercepts are of opposite sign. That is, for as is firmness, the ISO 
conditions result in lower OVs and for equilibrated firmness, the ISO 
conditions result in higher OVs. 
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Figure I 

As 13 and Equilibrated Firmness 
ISO Conditions vs FTC Conditions 





Figure II 
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As Is and Equilibrated Firmness OVs 
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